Rapid growth in the energy consumption has conditioned the need for discovering the alternative energy resources which would be adapted to the existing engine constructions and which would satisfy the additional criteria related to the renewability, ecology, and reliability of use. Introduction of biodiesel has been the focus of attention over the last ten years. The aim of this research is to investigate the influence of biodiesel on the performances and exhaust gas emissions of medium power agricultural tractor engines (37-66 kW). The reason for the selection of this
Introduction
Energy consumption is constantly increasing all over the world in spite of the rationalization measures that have been undertaken. Energy used in the traffic has increased by 16.42% over the last ten years reaching the level of 1.675.035 kt of oil equivalent [1] . Liquid fossil fuels are the main and most frequently used fuels for mobile machinery. This refers not only to the basic means of transportation, but also to a wide range of machinery used in the construction business, industry, agriculture. Considering the fact that the entire development of mobile machinery is based on the use of liquid fossil fuel, it is completely unrealistic to expect a shift from this produced from waste oil and grease. The use of agricultural crops (sunflower, soybean, oil seed rape) is especially important for farmers because these crops are in the sowing structure so the farmers are familiar with the technology of their production. Apart from that, by-products (oil cake) can be used as animal feed, which reduces the biodiesel price by about 20-25%. Also, valorization of glycerol can reduce the biodiesel price by 2.1%. Furthermore, with appropriate choice of catalyzator (KOH) and acids for neutralization, salts from biodiesel neutralization can be qualitatively valorized as a product for agriculture. This primarily refers to the production of high quality potassium foliar manures (fertilizers) for crops. One ton of biodiesel gives about 15-20 kg potassium sulphate (K 2 SO 4 ) [19] . Another by-product in the oilseed rape production is 4.4 t/ha of plant mass with calorific value of 17.400 kJ/kg [20] . From the economic aspect, valorization of the above mentioned by-products can make biodesel price competitive with respect to fossil diesel fuel. Previous research indicates that biodiesel production is multidisciplinary problem and that it is not only important for energetics and ecology [21] . One of the more important aspects of introduction of biodiesel is the increase in the employment rate. Namely, according to the "National Biodiesel Board" report it is expected that in 2012 biodiesel production will provide jobs for 78.000 people in the USA, and that 100 million of biodiesel liters will increase the gross domestic product by about 386 billion [22] . The importance of biodiesel is also evident in rural development. Careful planning of production capacities would actuate rural development and decrease the migration of people into cities.
Over the past few years numerous studies have published the results of comparative engine tests for fossil diesel, biodiesel and their blends. Interestingly, almost all the tests have been performed for either low power engines with the power of up to 5 kW, or the high power engines that have more than 100 kW power. On the other hand, only a few tests have been performed for medium power engines (37-66 kW) which are most commonly used in agriculture by tractors that perform numerous agrotechnical operations. Out of a total number of two-axle tractors used in the Republic of Serbia (305,000) 56.12% falls into this category [23] . These tractors make 67% in the total fuel consumption by agricultural machinery. Thus, the aim of this research is to give an objective evaluation of the effects of use of biodiesel and fossil diesel blends on the performances and exhaust gas emissions of medium power tractors.
In the Republic of Serbia biodiesel can be produced from sunflower which is the most common oilseed crop. The land area of 174.331 ha is covered with sunflower producing the average yield of 2.09 t/ha [24] . Favorable climatic conditions, long tradition, mastered production technology and large number of domestically produced hybrids are all advantages for the sunflower production. Other advantages of sunflower are high energy value of sunflower cake and good sources of protein with amino acid availabilities similar to those of soybean meal. Also, sunflower meal does not have anti-nutritional factors such as those found in soybean and rapeseed meals [25] .
Materials and methods

Fuels
Biodiesel blending was carried out in the following ratios during the analysis: 85:15%(v/v) fossil diesel-methyl ester (BD-15), 75:25%(v/v) (BD-25), 50:50%(v/v) (BD-50), 25:75%(v/v) (BD-75), and 0:100% (BD-100). The results were compared with the commercial fossil diesel. Methyl ester (biodiesel) was obtained by the process of transesterification of sunflower oil in methyl alcohol in the presence of NaOH that was used as a catalyst. Domestic sunflower hybrid "Somborac" was used in the research. It is a medium late hybrid which matures in the period of 107-113 days. The genetic potential for seed yield is 4.6 t/ha. Oil content in the seed is 48-51%. Prior to the tests, the analysis of biodiesel compliance with the standard EN 14214 was performed. Results of the analysis indicate that the used biodiesel is in line with EN 14214 standard (tab. 1). Table 3 . shows main properties of biodiesel and LSDF blends used in the reserach.
Engine and instruments
Engine characteristics and exhaust gas emissions of the tested fuels were analyzed for the tractor type Mahindra 6500 4WD. Tractor type Mahindra 6500 is the all purpose tractor (a four-wheel-drive tractor with smaller steering wheels at the front), intended for performing various operations in agriculture (basic tillage, presowing preparation, sowing, mechanical and chemical crop care, transport ...) in small farmsteads The tractor engine was connected to the electric Eggers dynamometer type 301/ME through the power take-off shaft (accuracy level <1%, fig. 1 ). Fuel consumption was measured by the volume method applying the flowmeter Pierburg 2911 (accuracy level ±0.5%). Exhaust gas emissions (NO x , CO, CO 2 , accuracy level 2 ppm, 2 ppm, ±0.2% vol., respectively) were measured by Testo 355 portable analyzer (Testo GMBH, Lenzkirch, Germany). The temperatures of cooling liquid and engine oil, temperature of air at the entrance to the suction pipe, and the fuel temperature were measured by thermocouple LM-35 (accuracy level ±0.5%), HBMHottinger Baldwin Messtechnik, Germany. The ambient conditions (temperature, pressure and relative air humidity) were measured by the device GFTB-100, Greisinger electronic GmbH, Germany (accuracy level ±0.1°C, 0.1 mbar, 0.1% r.F ). The number of revolutions was measured by digital tachometer Testo type 0563 4710 (accuracy level ±0.02%).
The tests were conducted in the registered OECD Laboratory for Power Machines and Tractors (LMT) from Novi Sad, Serbia.
Experimental procedure
The performances of the engine using different fuel types (part Fuels) were evaluated in compliance with the OECD standard (CODE 2) for the purpose of the official testing of agricultural tractors [26] . The testing first included 6 points of the governor control of curve, with full load ( fig. 2 , points are marked with triangles). Point P1 represents the rated power. Point P2 is the power at a torque of 85% which is achieved in the point P1. Point P3 is the power at a torque of 75% achieved in the point P2. Point P4 is the power at a torque of 50% achieved in the point P2. Point P5 is the power at a torque of 25% achieved in the point P2. Point P6 represents the characteristics of unloaded engine [27] .
In addition to the points on the governer control curve, the measuring also included the part of the curve from point P1 to the maximum torque. During the testing, points in this part of the curve were measured at every 200 rpm (P7-value measured at 2000 rpm, P8-1800 rpm, P9-1600 rpm, P10-1400 rpm, P11-value measured at maximum torque, and P12-1200 rpm).
Exhaust gas emissions were measured in compliance with the standard ISO 8178-4, C1 (8-point cycle) [28] . Point I ( fig. 2 , points are marked with circles) was obtained in the regime of maximum power at the rated speed. Point II is the point at a torque of 75% achieved in the point I and at rated speed. Point III is at a torque of 50% achieved in point I and at rated speed. Point IV is the point with loaded engine at a torque of 10% achieved in point I and at rated speed. Point V represents the operating regime at peak torque. Point VI is the operating regime at peak torque of 75% and at the number of revolutions which corresponds to the peak torque. Point VII is the operating regime at peak torque of 50% and number of revolutions which corresponds to the peak torque. Point VIII is the operating regime of the unloaded engine at idle speed.
Statistical analyses were carried out as one-way ANOVA with one fixed factor (fuel blend). The values represent average values of 6 measurings performed in one hour. Differences between mean values for different engine performance variables considered were tested by the Duncan's interval test (P < 0.01) [26] . All statistical analyses were performed using the Statistica 10 software package.
Results and discussion
Engine performance
Engine performance, torque, power, specific fuel consumption and thermal efficiency are given in fig. 3 for all tested fuels with respect to the number of revolutions of the crankshaft.
The use of LSDF produced rated power of 44.01 kW at 2200 rpm. The test fuels BD-15, BD-25, BD-50, BD-75, and BD-100 produced the rated power of 44 Although the used biodiesel had lower heating value than the LSDF (by 12.84%), test fuel BD-15 showed an increase of 0.54% at rated power with respect to the LSDF, and for the entire measuring range that increase was 1.51%. This power increase complies with the results of other authors [29] which could be explained in different ways. Namely, high content of oxygen in biodiesel fuel (about 11%) [12] enables more complete combustion. Also, fuel density is increased by blending biodiesel with fossil diesel. Considering the fact that the fuel injection pump is voluminous more fuel mass can flow in the same volume which further results in more engine power. The third reason for power increase is kinematic viscosity (kinematic viscosity of fuel BD-15 was 3.9% higher than that of the LSDF). Apart from the negative effect of increased kinematic viscosity on the atomization process and air-fuel mixing, a slight increase can affect positively the engine performances since it enables less internal fuel leakage (between the pump and syringe elements) [30] . 27.68 1 P1 -rated power, P2 -value at 85% of torque achieved in the point P 1 , P3 -value at 75% of torque achieved in the point P 2 , P4 -value at 50% of torque achieved in the point P 2 , P5 -value at 25% of torque achieved in the Point P 2 , P6 -unloaded engine, P7 -value measured at 2000 rpm, P8 -1800 rpm, P9 -1600 rpm, P10 -1400 rpm, P11 -value measured at maximum torque, P12 -1200 rpm.
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Ranking of the value in the same column. There is no statistically significant difference at significance threshold of 0.01 between the values marked with the same letter in one column n. Table 6 . Thermal efficiency for different fuel blends and different OECD engine testing points Table 4 shows average power values (the average of 6 measurements) for 12 points and all tested fuels. Letters in the table represent the ranking of the obtained values for the measuring points. The same letters in one column indicate that the values are of the same ranking, that is, that there is no statistically significant difference between the obtained values for the significance threshold of 0.01.
The ANOVA analysis indicated that all tested fuels had high statistically significant power differences (p = 0.00) for the entire measuring range ( , , ... ) P i i =1 2 12 . The Duncan's test showed high statistically significant power differences in all fuel types except for the LSDF and BD-15, and BD-75 and BD-100 which showed no statistically significant differences.
The lowest specific fuel consumption was recorded with the LSDF while the BD-100 fuel had the highest fuel consumption. With respect to the LSDF, the test fuels BD-15, BD-25, BD-50, BD-75, and BD-100 had higher specific fuel consumption by 1.32, 1.76, 3.49, 8.56, and 13.35%, respectively, for the entire measuring range. Low heating value and high fuel density are the reasons for such increase in the specific fuel consumption. Given that the heating value of fuel BD-15, BD-25, BD-50, BD-75, and BD-100 less than the LSDF for 1.96, 3.16, 6.49, 9.92, and 12.84%, respectively, it can be concluded that the combustion of a mixture biodiesel and fossil diesel fuel is more completely. According to the ANOVA it was concluded that all tested fuels had high statistically significant differences in the specific fuel consumption (p = 0.00) for the entire measuring range ( , , ... ) P i i =1 2 12 . The Duncan's test showed high statistically significant differences in specific fuel consumption between all fuel types except for BD-15 and BD-25 which showed no statistically significant differences (tab. 5).
Average value of thermal efficiency was 0.256 for the LSDF for the entire measuring range ( , , ... ) P i i =1 2 12 . With respect to the LSDF, the test fuels BD-15, BD-25, BD-50, BD-75, and BD-100 had higher thermal efficiency by 0, 1.95, 3.52, 4.29, and 3.13%, respectively, for the entire measuring range. The highest values of this parameter were achieved by using the fuel type BD-75. All fuel types showed higher thermal efficiency value with the increase of engine load.
Based on the ANOVA it was concluded that all tested fuels had high statistically significant differences in thermal efficiency (p = 0.00) for the entire measuring range ( , , ... ) P i i =1 2 17 . The Duncan's test showed high statistically significant differences between the following pairs: LSDF and BD-25, LSDF and BD-50, LSDF and BD-75, LSDF and BD-100, BD-50 and BD-15, BD-50 and BD-25, and between BD-25 and all other fuels (tab. 6) In spite of the reduced heating value and increased specific fuel consumption, thermal efficiency was increased in all fuels with high biodiesel content which enabled more complete combustion. Similar results were recorded in the study with low power engines of 7.5 kW when thermal efficiency was improved with blends BD-20 and BD-30 [31] . Canacki and Van Gerpen [32] observed that biodiesel was injected earlier in comparison to the fossil diesel fuel. When injected earlier biodiesel is also combusted earlier which improves thermal efficiency. Also, higher biodiesel cetane number causes shorter delay time of fuel combustion and provides more time for complete combustion [31, 33] .
Exhaust gas emissions
Analysis of exhaust gas emission included the emissions of CO 2 , CO, and NO x , and the temperature of exhaust gases.
The CO 2 emissions
The diagram ( fig. 4) shows the CO 2 emissions based on the change of engine load for all test fuels. The CO 2 emission from all test fuels increased with the engine load increase. In comparison to fossil diesel, the fuel types BD-15, BD-25, BD-50, BD-75, and BD-100 caused the reduction of CO 2 emission by, on average, 2.05, 5.01, 5.91, 7.70, and 8.99%, respectively. Figure 5 shows the relative change in the CO 2 emission with respect to LSDF. The emission variations occurred with different test fuels and for different ISO 8178-4 standard and C1 engine test points. The diagram also shows that the increased biodiesel share in fossil diesel causes the reduction of CO 2 emission at lower engine load. This further leads to a decrease in the combustion efficiency. The main reason for this is high kinematic viscosity with high biodiesel content. Namely, a minor increase of kinematic viscosity has positive effect on the engine performances due to the low internal fuel leakage. However, it has negative effect on the atomization process, air-fuel mixing and the quality of combustion of the formed blend [34] . Also, some authors [35] [36] [37] [38] [39] explain the reduced CO 2 emission with lower content of elementary carbon and hydrogen in biodiesel with respect to fossil diesel fuel.
According to the ANOVA it was concluded that all tested fuels gave high statistically significant differences (p = 0.00) in the CO 2 emissions for the entire measuring range ( , , ... ) P i i =1 2 8 . Duncan's test showed statistically significant differences in the CO 2 emission for all tested fuels except for BD-25 and BD-50 which showed no statistically significant difference (tab. 7).
The NO x emissions
The conducted researches showed that higher engine load caused linear increase of NO x emission in all test fuels at rated speed, fig. 6 (a) . The highest NO x emission was measured in the point P-VI. On the other hand, specific NO x emission was reduced in all test fuels as the engine load increased. The load increase of 50% at rated speed did not cause any changes in the specific NO x emission, fig. 6(b) .
The increased share of biodiesel in the blend causes high NO x emission, fig. 7 . In comparison to LSDF, the fuel types BD-15, BD-25, BD-50, BD-75, and BD-100 had higher NO x emission by, on average, 1.51, 3.10, 4.89, 9,50, and 11.38%, respectively. The results obtained from this study are similar to those stated by EPA (Environmental Protection Agency) [40] . According to the EPA the use of BD-20 leads to an increase in the NO x emission by 2% in comparison to fossil diesel.
According to the ANOVA it was concluded that all tested fuels had high statistically significant differences (p = 0.00) in the NO x emissions for the entire measuring range ( , , . P I -emission at maximum power and rated speed, P II -emission at 75% of torque achieved in the point I and at rated speed, P IIIemission at 50% of torque achieved in the point I and at rated speed, P IV -emission at 10% of torque achieved in the point I and at rated speed, P V -emission at max. torque, P VI -emission at 75% of max. torque at number of revolutions corresponding to the max. torque, P VII -emission at 50% of max. torque at number of revolutions corresponding to the max. torque, P VIII -emission from the unloaded engine at idle speed.
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ranking of the value in the same column. There is no statistically significant difference at significance threshold of 0.01 between the values marked with the same letter in one column The NO x emission is conditioned by the combustion temperature, oxygen concentration, peak pressure, and time [41] . Figure 8 shows the exhaust gases temperatures based on the changes of the share of biodiesel in the blend. Figure 9 shows the change of NO x emission based on the change of the oxygen concentration in the combustion products. It is already known that the NO x emission increases as the temperature of combustion products increases. Since the increased content of biodiesel in LSDF reduces the exhaust gas temperatures, then the increased emission of NO x is most probably the consequence of characteristics of raw materials used for biodiesel production. Namely, Lapuerto et al. [42] states that NO x emission is affected by iodine number. According to the results from these research, NO x emission will be the same as from fossil diesel fuel by using biodiesel with iodine number below 50 which can be achieved with biodiesel produced from pig fat (iodine number of pig fat is 46-66). On the other hand, sunflower oil has iodine number of 118-141 (the iodine number of tested biodiesel was 132).
The reason for high NO x emission lies in the high content of oleic acid in biodiesel produced from sunflower oil (over 64%). Knothe [43] investigated the NO x emission from fossil diesel fuel and biodiesel with different content of fatty acids. The authors concluded that biodiesel with high content of palmitic methyl ester (C 16:0) and lauric methyl ester (C 12:0) had lower content of NO x in comparison to the fossil diesel fuel. However, they concluded that high content of oleic methyl ester (C 18:1) in biodiesel increased the NO x emission.
The CO emissions
The increase in load leads to the increase of the CO emission which is the consequence of air excess ratio reduction in the engine cylinder, fig. 9 . The conducted research showed that the highest CO concentrations were emitted by using the LSDF, and the lowest emissions occurred with the use of BD-100. In comparison to the LSDF, the test fuels BD-15, BD-25, BD-50, BD-75 and BD-100 caused the reduction in CO emission by, on average, 1.84, 3.79, 9.30, 11.43, and 13.15%, respectively, fig. 10 , tab. 9. With an increase in the engine load the specific emission of CO is considerably reduced by using the fuels with higher content of biodiesel. Conversely, this difference is proportionally small with the low engine load. The reason for this lies in the fact that the fuel with high biodiesel content has higher kinematic viscosity in comparison to the LSDF. Therefore, low load and low temperature in the engine cylinder cause poor atomization and air-fuel mixing. On the other hand, increased load leads to the higher temperature of the engine cylinder which results in better fuel atomization. All the previously mentioned further results in better air-fuel mixing, better combustion, and reduction of the CO emission [26, 44] . Besides the poor atomization, the use of biodiesel at low load reduces the CO emission in comparison to LSDF. This is caused by higher content of oxygen in biodiesel which facilitates the combustion process [35] .
Based on the ANOVA it was concluded that there were high statistically significant differences in the CO emissions (p = 0.00) from different fuel types for the entire measuring range ( , ... )
, P i i =1 2 8 . Duncan's test showed statistically significant differences in the CO emissions from all fuel types.
Conclusions
The experimental research has been conducted with the aim of determining the objective possibilities of using biodiesel from sunflower in the engines of medium power agricultural tractors. Therefore, engine performances and exhaust gas emissions were compared by using pure biodiesel, fossil diesel, and blends of fossil diesel with 15, 25, 50, and 75%v/v biodiesel. Based on the results, the following conclusions can be drawn. · In comparison to fossil diesel, biodiesel increase in the blend leads to the power reduction which results in the low heating value of biodiesel and high kinematic viscosity. The BD-15 fuel represents an exception since it showed slight increase of power in comparison to other fuels, including the fossil diesel fuel. · As biodiesel increases in the blends, the specific fuel consumption for all tested fuels also increases in comparison to fossil diesel. However, the increase in specific fuel consumption, which occurrs as a result of blending biodiesel with fossil diesel, is lower than the decrease in heating value. This is the result of higher density and lower biodiesel heating value in comparison to fossil diesel fuel. · Thermal efficiency slightly increases with the increase of biodiesel share in the blend, which is the result of faster and more complete fuel combustion. · The increase of biodiesel in the blend leads to the reduction of CO 2 and CO emissions. With higher loads CO 2 emission is reduced less than the CO emission. This is the result of more complete fuel combustion at higher engine load. · The increase of biodiesel share in the blends leads to the reduction of exhaust gas temperatures in all operation regimes. At lower exhaust gas temperatures NO x emission still increases with an increase of biodiesel. This is the result of increased oxygen content in the combustion products.
